In recent years, Pseudomonas pyocyanea and other Gram-negative bacteria have appeared more frequently as important pathogens. This has followed the effective antibiotic treatment of infections due to most other organisms and is also related to the increasing use of certain equipment which may become readily contaminated and which is difficult to sterilize. The problem is particularly serious in the neonatal period.
A small outbreak occurred in the premature baby unit of this hospital. During a period of three weeks, 4 babies were involved, of which the first, and most seriously affected, died. The aim of the present account is to re-emphasize the pathogenicity of Ps. pyocyanea, to describe the investigation and control of such an outbreak, and to suggest a routine for decontaminating incubators and other equipment.
Case Reports Case 1. This baby, weighing 940 g. (2 lb. 1 oz.), was born after spontaneous premature labour at 29 weeks' gestation. He developed respiratory distress and was treated in an incubator with oxygen, penicillin, streptomycin, and intravenous dextrose. He improved initially, but by the ninth day his weight had fallen to 700 g.
(1 lb. 8 oz.) and frequent apnoeic attacks developed.
Dextrose was again given intravenously with ampicillin and methicillin. On the following day he had a generalized pustular rash and a purulent discharge from one eye. The bacteriological findings (see Table 1 ) showed a wide- Case 2. This baby, weighing 1,160 g. (2 lb. 9 oz.), was born after spontaneous premature labour at 27 weeks' gestation, and was resuscitated by endotracheal intubation and lung inflation. He was nursed in an incubator, and prophylactic penicillin and streptomycin were given. He made good progress until the eighth day when he developed conjunctivitis and an inflamed umbilicus, which was treated with erythromycin and He developed respiratory distress and was treated in an incubator with oxygen, penicillin, streptomycin, and intravenous dextrose. On the fourth day, he was lethargic and jaundiced, and the umbilicus appeared inflamed. A course of erythromycin and novobiocin was started but was changed to intramuscular colomycin when the bacteriological findings became available (see Table 3 ). The umbilicus was cleaned with hydrogen peroxide and sprayed with 'Polybactrin' (a solution con- Case 4. This baby, weighing 1,800 g. (4 lb.), was born by breech delivery at 35 weeks' gestation, the membranes having ruptured 12 days previously. Respiration was established after intubation and lung inflation. He was nursed in an incubator, and prophylactic penicillin and streptomycin were given. Apart from marked jaundice with a maximum serum bilirubin level of 19 mg./100 ml. on the fifth day, his progress was satisfactory. In the course of investigating the outbreak, he was found to have a symptomnless umbilical colonization with Ps. pyocyanea, which rapidly cleared after spraying with Polybactrin.
Method After the third case of Ps. pyocyanea infection had occurred, cultures were taken from all the babies in the nursery, the incubator, respirator, water manometer used in resuscitation, suction apparatus, scales, taps, hand disinfectant dispensers, unused disposable napkins, rubber bands used for cord occlusion, rubber tubing, and many other items in the nursery and labour wards. Swabs were first moistened in peptone water and were inoculated onto blood agar plates incubated aerobically at 370 C. overnight. Ps. pyocyanea was identified by its typical colonies, odour, and Gram stain characteristics. The cytochrome oxidase test was used only if the organism did not fulfil these criteria. The antibiotic sensitivity pattern was determined for each specimen.
Results
All four incubators were contaminated with Ps. pyocyanea (see Table 4 ). The contamination occurred mainly on the plastic sleeves and was not found in the water of the humidifying reservoir. After cleaning the sleeves with soap and water and hypochlorite solution (Milton* 1:80), the organism was still present and sterile cultures were obtained only by completely removing all sleeve rims and steeping them in the hypochlorite solution.
Swabs taken from parts of the Bird respirator, which had been used to resuscitate the first baby, were sterile, but a moderate growth of Ps. pyocyanea was obtained from the face mask. The organisms were also isolated from two out of three resuscitation devices in the labour wards and the nursery; contamination was confined to the water and no organisms were recovered from the tubing. A Swabs of all other items were mostly sterile or had scant growths of non-pathogens.
Discussion
There are a disturbing number of reports of colonization and infection of newborn infants by Ps. pyocyanea (Geppert, Baker, Copple, and Pulaski, 1952) ; Hoffman and Finberg, 1955) ; Asay and Koch, 1960) . Laursen (1962) found that nasal contamination with Ps. pyocyanea occurred in 9 % of infants in the premature nursery but in less than 0 3 % of normal infants nursed with their mothers. Among the infants from whom Ps. pyocyanea was recovered, 90% had had oxygen therapy, almost invariably in incubators.
Common reservoirs of infection in nursery outbreaks include humidifiers, storage bottles, taps, wash-basins, and even the water used for bathing the infants' eyes. Sever (1959) , in a bacteriological survey of the water in incubators and of storage bottles, found gross contamination with mean bacterial counts of up to 15,000 organisms per ml. which included Esch. coli, Alcaligenes faecalis, Achromobacter, Staph. aureus, Ps. pyocyanea, yeasts, and fungi. Kresky (1964) found a 550% colonization rate of babies by Gram-negative organisms. She devised a scheme for cleaning and disinfecting nursery equipment, using 1% Povidone iodine, as a result of which colonization of babies was reduced to 4 * 5 %, and contamination of equipment was virtually eliminated.
Experimental work on the influence of relative humidity on various organisms has shown different effects on survival. A relative humidity of 95-98 % at 370 C. allows an actual increase in the number of viable staphylococci, whereas a 55 % relative humidity appeared to be the least favourable for their survival (McDade and Hall, 1963) . However, Gram-negative organisms, such as Esch. coli and Serratia marcescens, have been similarly studied by Davis and Bateman (1960) who found moisture inhibitory to both, a relative humidity of 93 % being more so than 750%, 110%, or dry air. On the basis of the influence of humidity on the survival of organisms, Silverman (1964) has suggested that premature infants should be nursed at a relative humidity of only 50%. Certain incubator manufacturers recommend the addition of antiseptics such as benzalkonium chloride to the water in the humidity reservoir. Objections to this are first that contamination, which was found to be centred on the plastic sleeves, would be unaffected by this manceuvre; in addition it is now well known that some organisms not only survive but actually multiply in many antiseptics.
In the scheme to be presented, hypochlorite solution (Milton 1:80), which already holds a timehonoured place in sterilizing feeding bottles and teats, was chosen for-the incubators. Since the scheme has been in operation, no further infections with Ps. pyocyanea have occurred and bacteriological spot checks have shown treated incubators to be free from pathogens. Summary Four cases of Ps. pyocyanea infection in a premature nursery are described. A bacteriological survey showed the organisms to be present in the incubators, especially the sleeves. A practical scheme is outlined for eliminating such contaminants from incubators.
